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TEST RESULTS FROM THE NASA/ROCKWELL INTERNATIONAL 
SPACE SHUTTLE 0.0175-SCALE ORBITER MODELS 
56-0/60-0 AND 0.04-SCALE ORBITER FOREBODY 
MODEL 83-0 CONDUCTED I N  THE AEDC/VKF-B 

50-INCH HYPERSONIC W I N D  TUNNEL 
(TESTS OH109 AND OH109B) 

by 
J. Gee and J. Nakamoto 

Rockwell In t e rna t iona l  STS DCP Division 

ABSTRACT 

Orbi ter  Heating T e s t ,  OH109, was conducted using scaled Space Shu t t l e  

Orbi ter  models a t  the  Arnold Engineering Development Center 's  Von Karman 

F a c i l i t y  (AEDC-VKF) Hypersonic Wind Tunnel B, t o  ob ta in  add i t iona l  aerody- 

namic hea t ing  d a t a  i n  f i n e r  d e t a i l  than previously t e s t ed  f o r  Orbi ter  STS-1 

entry yaw angles.  The test program u t i l i z e d  three Rockwell In t e rna t iona l  

models: t h e  0.0175 scale 56-0 and 60-0, and the  0.04 s c a l e  83-0. 

Data w e r e  recorded at yaw angles of 0, 5.5, 21.0 and 22.0 degrees a t  

angles of a t t a c k  of 20, 25,  27.5,  30, 32.5, 35, and 40 degrees. Nominal 

Mach number w a s  8.0 and Reynolds number (x 10 / f t )  values  were 0.5, 1.0,  6 

2.0, 3.0, and 3.7. I n  addi t ion t o  the required yaw heat ing ob jec t ives ,  

o i l  flow tests were conducted on t h e  83-0 model and the  60-0 model, with 

elevon deflections of 0 and 5 degrees. 

A phase-change pa in t  test was added on t o  the  OH109 test  program and desig- 

nated OH109B. The objec t ive  of t h e  phase-change pa in t  test w a s  t o  e s t a b l i s h  

the peak hea t ing  loca t ion  for the  SILTS* pod located on the  o r b i t e r  v e r t i c a l  

t a i l .  This por t ion  of the  t e s t  w a s  performed on the 56-0 model (See Table 

V I I )  . 
~ 

*Shuttle Inf ra red  Leeside Temperature Sensor (SILTS) 
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ABSTRACT (Concluded) 

All the  planned ae ro  hea t ing  objectives were f u l f i l l e d .  

for ty- three  ( 2 4 3 )  d a t a  runs were obtained t o  support  t h e  test ob jec t ives  - 
89 f o r  t h e  60-0 model, 77 for t h e  83-0 model, and 77 f o r  the  56-0 model. 

Two hundred and 

A l l  o i l  flow requirements were m e t  wi th  the except ion of t h ree  test con- 

d i t i o n s  f o r  model 60-0 with elevons a t  0 degrees  and angle  of a t t a c h  of 

40 degrees.  

of 0.5, 1.0, and 2.0. 

6 These th ree  test condi t ions  w e r e  Reynolds number (x 10 /ft) 

i v  
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Index of Data Figures (Concluded) 

*Due to the volume of plotted data, only representative plots from the 
f i r s t  figure number in each category are presented i n  volume 1. 
plotted data, on microfiche only, are published in  volume 2, 

Complete 
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INTRODUCTION 

This r epor t  contains  d a t a  from wind tunnel  tests i n  t h e  AEDC/VKF 

Hypersonic Tunnel B, 

October 27 t o  November 24,  1980 for a total of 48.1 occupancy hours. 

The t e s t s  were conducted during t h e  period from 

The objec t ive  of these  tests was to  obta in  hea t ing  d a t a  f o r  the  o r b i t e r  

i n  yaw. 

0 Tests were conducted a t  free-stream t o t a l  temperatures of 800 and 890 

F, s imulat ing f r e e  air a t  a Mach number of 8.0 with corresponding Reynolds 

numbers of 0.5, 1.0, 2.0, 3.0 and 3.7~10 /ft. 6 

The m o d e l  a t t i t u d e  var ied  in angle  of a t t a c k  from 20 t o  40 degrees with 

yaw angles  of 0, - +0.5, - +1 and 5 2  degrees.  

8 



NOMENCLATURE 

Symbol 

a 

b 

BV 

B 

C 

C 

&e 

'SB 

href  

Mnemonic 

ALPHA 

B 

BV 

BETA 

C 

ELEVON 

SPDBRK 

DTW/DT 

HAW/HT 

HREF 

Descr ip t ion  

Angle of a t t a c k ,  deg 

Model sk in  thickness ,  i n .  or f t .  as noted 

Wing span, i n .  ( see  Fig.  2) 

Height of model v e r t i c a l  t a i l ,  i n .  ( see  Fig.2) 

S ides l ip  angle  of model (deg) 

Absolute value of s i d e s l i p  angle ,  deg. 

Model material s p e c i f i c  hea t ,  Btu/lbm-'R 

L o c a l  chord of wing o r  v e r t i c a l  t a i l ,  i n .  ( see  
Fig. 2) 

Elevon d e f l e c t i o n  angle,  deg 

Speed brake d e f l e c t i o n  angle ,  deg 

Derivative of t h e  model w a l l  temperature with 
respect  t o  t i m e .  R/sec 0 

Recovery f a c t o r  = . 8 5 ,  -9, 1.0 

Reference hea t  t r a n s f e r  c o e f f i c i e n t  ( see  
Data Reduction) 

Heat transfer coeffi ient based on TR, QDOT/ (TR-TW) , Btu / f t  2 -sec- 0 R 

Heat t r a n s f e r  c o e f f i  i e n t  based on TT, 
QDOT/(TT-TW), B t u / f t  -see- R T 0 

Heat t r a n s f e r  c o e f f i c i e n t  ca l cu la t ed  using a 
f i n i t e  element computer code (Ref. 4) 

Ratio of H(TT) and HREF 

Ratio of H(TT) a t  a recovery f a c t o r  of 0.9 
and HREF 

9 



NOMENCLATURE (Continued) 

+bo - 1 
H ( 0. ~TT) 

H(O.85TT) 

MACH ,M 

MUTT 

PT 

!lnemon>i. Description 

H(9TT) Heat transfer coefficient based on (0.9TT) , 
QDOT/ (O.~TT-TW), Btu/ft’-sec-OR 

L Reference length, in. (see Fig. 2)  

LINE Dimension used to locate canopy thermocouples 
(see Table VI) 

MACH Free-stream Mach number 

MODEL Orbiter model installed 

Mu Dynamic viscosity based on free-stream tempera- 
ture, lbf-sec/ft 

Dynamic viscosity based on TT, lbf-sec/f t2 

P0,P Free-stream static pressure, psia 

Square root of the product of the model density, 
specific heat, and thermal conductivity; 
Btu/ft2-sec’/2 OR 

PT 

PT2 

Tunnel stilling chamber pressure, psia 

Stagnation pressure downstream of a 
shock, psia 

normal 

PHI 

PHI I 

Q 

QmT 

RAY 

Radial angle location of thermocouple in hodel 
coordinates, deg (see Figs. 2 and 7) 

Indicated roll angle, deg 

Free-stream dynamic pressure, psi 

Heat-transfer rate, Btu/f t2-sec 

Dimension used to locate canopy thermocouples 
(see Table V I )  

10 



NOMENCLATURE (Continued) 

Symbol 

RE 

RN 

RUN 

STN NO 

t 

ti 

T/ C 

T I  

TIME 

TIMEEW 

T I M E I N J  

TPC 

TR 

Xnemonic Description ,* 

"3 /L 

RHO Free-stream density, lbm/ft3 

Free-stream unit Reynolds number, xld6, ft-' 

RUN 

STN NO 

t 

ti 

To 

T/C NO 

TPC 

TR 

TT 

Tw 

V 

X 

Reference nose radius, (0.0175 ft or 0.04 ft, 
determined by model scale) 

Data set identification number 

Stanton number based on reference conditions 

Time from start of model injection cycle, sec 

Time when initial model wall'temperature was 
recorded before model injectioa, sec 

Free-stream static temperature, OR or OF 

Thermocouple identification number 

Initial wall temperature before injection into 
the flow, OR or OF 

Elapsed time from lift-off, sec 

Time of exposure to the tunnel flow when the I 

data were recorded, [TIME - ( 0 . 5 6 )  (TIMEINJ) ]  , 
sec 

Elapsed time from lift-off to arrival at tunnel 
centerline, sec 

Phase-change paint tern eraturg, at which coating changes 
from solid t o  liquid, gR, or F 
Assumed recovery temperature, 

Tunnel stilling chamber temperature, OR or OF 

0 R, or O F  

Model surface temperature, OR or OF 

Free-stream velocity, ft/sec 

Model scale longitudinal coordinate from model 
nose or leading edge of wing or vertical tail 
(see Fig. 2 and 7 ) ,  in. 

11 



NOMENCLATURE (Concluded) 

Symbol Mnemonic Description 

xo 

(X/C),, x p w  m/cw 
Y 

YAW 

YO 

2Y/B 2Y/BW 

Z 

B 

P 

Full scale longitudinal coordinate from a point 
235 in. ahead of the orbiter nose, (see Fig. 7) 
in. 

Thermocouple longitudinal location as a ratio 
of model length from model nose tip 

Thermocouple location as a ratio of vertical 
tail chord 

Thermocouple location as a ratio of wing chord 

Model scale lateral coordinate (see Fig. 2), in. 

Yaw angle of model, deg 

Full scale lateral coordinate, in. 

Thermocouple location as a ratio of w i n g  
s emi- span 

Model scale vertical coordinate (see Fig. 2), 
in. 

Full scale vertical coordinate, in. (measured 
from centerline of tank) 

Thermocouple lotation as a ratio of vertical 
tail height 

Semi-infinite slab parameter, H(TR) m/fi 
Model material density, lbm/ft 

12 



CONFIGURATIONS INVESTIGATED 

Three space s h u t t l e  o r b i t e r  models were used t o  ob ta in  the th inask in  thermo- 

couple da t a  f o r  t h i s  test. Two of t h e  test art icles were 0.0175-scale 

models of t h e  f u l l  o r b i t e r  and were designated as the  60-0 and 56-0 

models. The t h i r d  model w a s  a 0.04-scale r ep resen ta t ion  of t he  f r o n t  

ha l f  of t h e  o r b i t e r  and w a s  i d e n t i f i e d  as the  83-0 model. A l l  of the  

models were suppl ied by Rockwell In t e rna t iona l .  

The 60-0 model w a s  a 0.0175-scale thin-skin thermocouple model of t h e  Rock- 

w e l l  I n t e r n a t i o n a l  Vehicle 5 conf igura t ions .  The model w a s  constructed 

of 17-4 PH s t a i n l e s s  steel  with a nominal sk in  th ickness  of 0.030 in. at  

t h e  instrumented areas. A l l  thermocouples were spo t  welded t o  the  thin-skin 

inner  sur face .  

A sketch of t h e  60-0 model i n s t a l l a t i o n  i n  t h e  tunnel  is  shown i n  Fig.  1. 

The bas i c  dimens.ions and coordinate  d e f i n i t i o n s  f o r  t h e  0.0175 scale models 

are shown i n  t h e  ske tch  presented i n  Fig. 2. 

the speedbrake and elevons were var ied  during t h i s  test and recorded on 

t h e  tabula ted  data. The bodyflap was set at a zero d e f l e c t i o n  angle  

throughout t h e  test .  

The d e f l e c t i o n  angles  of 

The 56-0 model used f o r  t h e  thin-skin thermocouple po r t ion  of t he  test w a s  

model number 2B of the material "LH" 56-0 phase change p a i n t  model series. 

This was a 0.0175 s c a l e  model wi th  t h e  same e x t e r n a l  contour as the  60-0 

model. The p i l o t  s i d e  ( l e f t )  of t he  fuse lage  has  been replaced wi th  a 

13 



CONFIGURATIONS INVESTIGATED (contimied) 

thin-skin thermocouple i n s e r t  contoured t o  t h e  veh ic l e  l ines .  This i n s e r t  

was constructed of 17-4 PH s t a i n l e s s  steel wi th  a nominal s k i n  th ickness  

of 0.020 i n .  a t  t h e  thermocouple loca t ions .  A photograph of t he  56-0 

model i n j e c t e d  i n  t h e  tunnel is shown i n  Fig. 3. A ske tch  of the 56-0 

model i n s t a l l a t i o n  is shown i n  Fig. 4. The dimensions and coord ina te  

system presented i n  Fig. 2 a l s o  apply t o  the 0.0175-scale 56-0 model. 

The 83-0 model was a 0.04-scale model of the forward ha l f  of t he  o r b i t e r .  

This model w a s  a l s o  cons t ruc ted  of 17-4 PH s t a i n l e s s  steel with a nominal 

s k i n  th ickness  of 0.030 i n .  A photograph of t h e  83-0 model i n j e c t e d  i n  

the tunnel is shown i n  Fig. 5. The i n s t a l l a t i o n  ske tch  of t h e  83-0 model 

i s  shown i n  Fig. 6 and the coordinate system and b a s i c  dimensions f o r  t h e  

83-0 model are presented i n  Fig.  7 .  

The model used for  t h e  phase change p a i n t  e n t r y  w a s  from t h e  56-0 series 

constructed without t h e  thin-skin thermocouple i n s e r t .  Two 0.0175-scale 

removable v e r t i c a l  t a i l s  wi th  the SILTS pod were f a b r i c a t e d  of Novamide 

700-55. 

Fig. 3. 

A photograph of t h i s  model i n j e c t e d  i n  t h e  tunnel  is  shown i n  

1 4  



CONFIGURATIONS INVESTIGATED (Continued) 

Nomenclature to describe the various components of the three models used 

for these tests are: 

MODEL 56-0 Orbiter 

Component 

B 62 

c 12 

E 52 

F 10 

M 16 

V 30 

W 127 

(Vehicle 5 configuration, VL70-00014OC lines) 

Definition 

fuselage 

canopy 

elevon 

bodyf lap 

OMS pods 

vertical 

wing 

MODEL 60-0 Orbiter (Vehicle 5 configuration, VL70-00014OC lines) 

Component 

B 62 

c 12 

E 52 

F 10 

M 16 

R 18 

V 8  

W 116 

SB 

Definition 

fuselage 

canopy 

elevon (6e = 0' and 5') 

bodyf lap 

OMS pods 

rudder 

vert i ca 1 t ai 1 

wing 

speed brakes (0 and 49 degrees) 

15 



CONFIGURATIONS INVESTIGATED (concluded) 

MODEL 83-0 Orbiter (Vehicle 5 configuration, VL70-00014OC lines) 

Component 

B 60 

c 10 

Definition 

fuselage 

canopy 

Full scale and model scale dimensional data for the various components of 

the three models can be found in Table 111. 

Further model description, including some model drawings, can be found in 

Reference 8. 
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TEST INSTRUMENTATION 

The 60-0 model was instrumented with 600 thirty-gauge iron-constantan and 

chromel-constantan thermocouples. Only 230 of these thermocouples were used 

on this test. Thermocouple locations f o r  this model are illustrated in Fig. 

8 ;  the dimensional locations and skin thicknesses f o r  the thermocouples 

connected on this test are listed in Table IV. The thermocouples identi- 

fied by a number only are iron-constantan. The thermocouples identified 

by a number followed by the letter A or C are chromel-constantan that were 

added to the model*. The letter D after a thermocouple number designates 

an iron-constantan thermocouple in a new location on the OMS pod. 

The 56-0 model instrumentation consisted of 80 thirty-gauge chromel-constan- 

tan thermocouples located on the thin-skin insert. 

were connected on this test. The thermocouple locations for this model are 

illustrated in Fig. 9 .  

listed in Table V. 

All of these thermocouples 

The dimensional locations and skin thicknesses are 

For this test only 94 of the 482 thirty-gauge chromel-constantan thermocouples 

on the 83-0 model were connected. The thermocouple locations for this model 

are illustrated in Fig. 10. The dimensional locations and skin thicknesses 

for the thermocouples used on this test are included in Table VI. 

The thermocouple data were recorded on a new multiplexing system that is 

capable of recording a maximum of 256 thermocouple channels during each run. 

*Note: In the tabulated data, thermocouple numbers ending in A or C appear 
instead as 2000 or 1000 series numbers, respectively. 
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TEST INSTRUMENTATION (concluded) 

This increased capacity greatly increases efficiency by reducing the need 

for multiple runs. 

run was 230 when the 60-0 model was installed. All 80 thermocouples were 

connected on the 56-0 model and 94 were connected on the 83-0 model. Some 

of the listed thermocouples were determined to be inoperative during the 

test and these have been deleted from the tabulated data. (See Table V I I I )  

The maximum number of thermocouples recorded during one 

The phase-change paint technique of obtaining heat-transfer data uses a 

fusible coa t ing  which changes from an opaque solid to a transparent liquid 

( i . e . ,  it melts) at a specified temperature (TPC) .  The demarcations between 

melted and unmelted paint (melt lines) are model surface isotherms and are 

used t o  compute the aerodynamic heating. 

phase-change coating for these tests. 

paints used were 250, 300, 350, 450, 550, 600 and 700'F. 

description of the phase-change paint technique is presented in Ref. 2. 

Tempilaq paint was used as the 

The calibrated melting points of the 

A more complete 
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TEST FACILITY DESCRIPTION 

The Arnold Engineering Development Center (AEDC) is  an A i r  Force F a c i l i t y  

loca ted  i n  Tullahoma, Tennessee. The tunnel used, Tunnel B, is loca ted  

i n  t h e  Von Karman F a c i l i t y  (VKF) por t ion  of t h i s  cen te r .  Engineering and 

o the r  t e c h n i c a l  opera t ions  i n  t h i s  tunnel  are performed by con t r ac to r  per- 

sonnel of ARO, Inc. 

Tunnel B (Fig. 11) is a continuous, closed c i r c u i t ,  v a r i a b l e  dens i ty  wind 

tunnel  wi th  an axisymmetric contoured nozzle and a 50-inch diameter test 

sec t ion .  The tunnel  can be operated a t  a nominal Mach number of 6 o r  8 

at  s t a g n a t i o n  p res su res  from 20 t o  300 and 50 t o  900 p s i a ,  r e spec t ive ly ,  

and a t  a s t agna t ion  temperature of up t o  1350'R. 

i n t o  t h e  tunnel  f o r  a test run and then r e t r a c t e d  f o r  model cool ing  o r  

model changes without  i n t e r r u p t i n g  t h e  tunnel  flow. 

The model may be in j ec t ed  

1 9  



I TEST PROCEDURE 

I n  t h e  VKF continuous flow wind tunnels  (A, B y  C), t h e  model is  mounted on 

a s t i n g  support  mechanism i n  an i n s t a l l a t i o n  tank d i r e c t l y  underneath the  

tunnel  test sect ion.  The tank is separa ted  from the  tunne l  by a p a i r  of 

f a i r i n g  doors and a s a f e t y  door. When c losed ,  t he  f a i r i n g  doors, except 

f o r  a s l o t  for the p i t c h  s e c t o r ,  cover t h e  opening t o  the  tank and the 

s a f e t y  door sea l s  t h e  tunnel  from t h e  tank area.  Af t e r  t h e  model is pre- 

pared f o r  a data run, t h e  personnel  access door t o  t h e  i n s t a l l a t i o n  tank 

i s  closed, t h e  tank is vented t o  the tunnel  flow, the  s a f e t y  and f a i r i n g  

doors are opened, and t h e  model i s  i n j e c t e d  i n t o  the  airstream. 

d a t a  are obtained, the model is r e t r a c t e d  i n t o  the  tank and t h e  sequence 

i s  reversed w i t h  t h e  tank being vented t o  atmosphere t o  a l low access t o  

t h e  model i n  prepara t ion  for t h e  next run. 

termed a run, and a l l  t h e  d a t a  obtained are i d e n t i f i e d  i n  t h e  d a t a  tabula- 

t i o n s  by a run number. 

Af te r  t h e  

A given i n j e c t i o n  cycle is 

P r i o r  t o  each t e s t  run, t h e  model temperatures were monitored t o  ensure 

t h a t  they were nominally 70'~. 

test a t t i t u d e  as t h e  d a t a  a c q u i s i t i o n  sequence commenced. 

The model was then i n j e c t e d  a t  t h e  des i red  

The model remained on t h e  tunnel  c e n t e r l i n e  f o r  about t h r e e  seconds and 

w a s  then r e t r ac t ed  i n t o  t h e  i n s t a l l a t i o n  tank. The model w a s  then  cooled 

and repos i t ioned  for the next i n j e c t i o n .  

20 



TEST PROCEDURE (Concluded) 

A 256 channel mult iplexing analog-to-digital  converter  w a s  used i n  con- 

junc t ion  wi th  a D i g i t a l  Equipment Corporation (DEC) PDP-11 computer and a 

DEC-10 computer t o  record the temperature da ta .  

output  of each thermocouple approximately 1 7  times p e r  second. 

The system sampled the  

For phase-change p a i n t  tests t h e  model w a s  pa in ted  wi th  the  appropr ia te  

Tempilaq p a i n t ,  and the  model sur face  i n i t i a l  temperature (TI)  was mea- 

sured with a thermocouple probe. The model w a s  pos i t ioned  t o  the  test 

a t t i t u d e  and i n j e c t e d  i n t o  the tunnel  flow fo r  about 10 sec.  During t h i s  

t i m e  t h ree  70-mm sequence cameras using co lo r  f i l m  photographed the  pro- 

gress ion  of t h e  pa in t  m e l t  l ines .  These cameras w e r e  t r iggered  simu1.- 

taneously a t  a nominal ra te  of two frames/sec while  an analog-to-digi ta l  

scanner recorded the  p r e c i s e  timing. Af t e r  the  model was r e t r a c t e d  from 

the  tunnel  flow, i t  w a s  cooled and cleaned wi th  an a lcohol  ba th  before  

being repainted f o r  t h e  next test run. For t h i s  test only the  v e r t i c a l  

t a i l  and the  SILTS pod were painted with phase-change p a i n t .  

Instrumentat ion outputs  were recorded us ing  the  VKF da ta  a c q u i s i t i o n  

system under t h e  c o n t r o l  of a PDP 11/40 computer. 

cameras and t h e  frame rate was con t ro l l ed  by a sepa ra t e  con t ro l  system. 

The t r i g g e r i n g  of the 

Prepara t ion  of t he  model f o r  an oi l - f low run w a s  t h e  same as f o r  t he  

phase-change p a i n t  runs except t h a t  o i l  w a s  appl ied t o  t h e  model i n  p lace  

of t h e  pa in t .  Four sequence cameras were used t o  photograph the oil-flow 

p a t  t e rns .  
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DATA REDUCTION 

Thin-Skin Thermocouple Data 

The reduction of thin-skin temperature data to coefficient form normally 

involves only the calorimeter heat balance for the thin-skin as follows: 

QDoT = pbc DTW/DT (1) 

Thermal radiation and heat conduction effects on the thin-skin element 

are neglected in the above relationship and the skin temperature response 

is assumed to be due to convective heating only. 

constant TR, the following relationship is true: 

It can be shown that for 

d (In [E] )= DTW/DT 
TR-TW TR-TW dt 

Substftuting Eq. (3) in Eq. (2) and rearranging terms yields: 

(3)  

By assuming that the value of H(TR)/pbc is a constant, it can be seen 

that the derivative (or slope) must also be constant. Hence, the term 
1 

L -1 

is linear with time. This linearity assumes the validity of Eq. (2) 

which applies for convective heating only. The evaluation of conduction 

effects will be discussed later. 
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DATA REDUCTION (Continued) 

The assumption t h a t  H(TR) and c are cons tan t  i s  reasonable f o r  t h i s  test 

although small v a r i a t i o n s  do occur i n  these  parameters. The v a r i a t i o n s  

of H(TR) caused by changing wall temperature and by t r a n s i t i o n  movement 

wi th  w a l l  temperature are t r i v i a l  f o r  the small w a l l  temperature changes 

t h a t  occur during da ta  reduction. 

f i c  hea t ,  c ,  was computed by the  r e l a t i o n  

The va lue  of t h e  model material speci-  

c = 0.0797 + (5.556 x 10-5)Tw, (17-4 PH s t a i n l e s s  s t e e l )  ( 5  1 

The maximum v a r i a t i o n  of c over any curve f i t  w a s  less than 1.5 percent.  

Thus, t he  assumption of constant c used t o  de r ive  Equation 4 was reason- 

able .  The va lue  of dens i ty  used f o r  t h e  17-4 PH s t a i n l e s s  steel sk in  w a s ,  

p = 490 lbm/f t3 ,  and the s k i n  th ickness ,  b ,  f o r  each thermocouple is l i s t e d  

i n  Tables I V ,  V and V I .  

The r i g h t  s i d e  of 

curve f i t  of 15 consecutive data p o i n t s  t o  determine the  s lope.  The start  

of the  curve f i t  coincided w i t h  t h e  model a r r i v a l  ontfie tunnel  cen te r l ine .  

For each thermocouple t h e  tabulated va lue  of HfTR) w a s  ca l cu la t ed  from 

t he  s lope  and the  appropr ia te  values of pbc; i .e.,  

Equation 4was  evaluated using a l i n e a r  least squares 

H(TR) = pbc - d d t  (In[-]) TR-TW 

To i n v e s t i g a t e  conduction e f f e c t s ,  a second va lue  of H(TR) w a s  ca l cu la t ed  

a t  a t i m e  one second l a t e r .  A comparison of t hese  t w o  va lues  w a s  used t o  

i d e n t i f y  those thermocouples tha t  were influenced by s i g n i f i c a n t  conduction 
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DATA REDUCTION (Continued) 

(or  system noise) .  The da ta  f o r  a given thermocouple were de le t ed  i f  the 

va lues  of H(TR) d i f f e r e d  by more than 35 percent .  I n  genera l ,  conduction 

and/or  no i se  e f f e c t s  were found t o  be n e g l i g i b l e .  

Since the  value of TR is  no t  known a t  each thermocouple loca t ion  i t  has  

become standard procedure t o  use t h r e e  assumed va lues  of TR. 

values  are l.OTT, 0.9TT and 0.85TT. The use  of t hese  assumed va lues  of 

TR provides  an ind ica t ion  of t he  s e n s i t i v i t y  of t he  hea t - t ransfer  coef f i -  

c i e n t s  t o  the  value of TR assumed. As can be  noted i n  the  tabula ted  da ta ,  

t he re  are large percentage d i f f e rences  i n  t h e  va lues  of t he  hea t - t ransfer  

c o e f f i c i e n t s  calculated from the  th ree  assumed values .  Therefore,  i f  t he  

da t a  are t o  be used f o r  f l i g h t  p red ic t ions ,  t h e  va lue  se l ec t ed  f o r  TR i s  

obviously very important and is  a func t ion  of model l oca t ion  and boundary 

l a y e r  s t a t e .  

The assumed 

The hea t - t ransfer  c o e f f i c i e n t  ca l cu la t ed  from Eq. 4 w a s  normalized using 

t h e  Fay-Riddell s t agna t ion  po in t  c o e f f i c i e n t ,  H(REF), based on a nose 

r ad ius  of 1.0 f t  f u l l  scale. The r e fe rence  nose r ad ius ,  RN, used t o  cal- 

c u l a t e  HREF i s  e i t h e r  0.0175 f t  o r  0.04 f t  as determined by t h e  model 

scale. 

For phase-change pa in t  tests, the  da t a  were reduced by assuming t h a t  the  

model w a l l  heating can be represented by a thermally semi- inf in i te  s l a b .  

A material w i t h  a l o w  thermal d i f f u s i v i t y  is necessary f o r  t h i s  assumption 
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DATA REDUCTION (Continued) 

to be valid for reasonable model wall thicknesses (>0.25 in.) consistent 

with the Tunnel B data acquisition times of 3 to 30 sec. 

Data reduction of the melt line photographs was accomplished by ident.ify- 

ing these isothermal lines for various times during the test run. 

isothermal lines are related to corresponding aerodynamic heat-transfer 

coefficients, H(TR), by applying the semi-infinite slab heat equation, 

given below. 

These 

where 

B -  H ( T R ) ~  , erfc = error function m 
and 

TIMEEW = time of heating 

The lumped material thermophysical property fiE for the Novamide 700-55 

material was provided by Rockwell. The value of was a function of 

temperature and the values used are listed in Table IX. The heat-transfer 

coefficients were computed for assumed adiabatic recovery temperatures TT, 

0,9TT, and 0.85 TT except when the paint temperature was 700°F. 

case only TT was used because of the small difference between TT and T P C .  

The Fay-Riddell stagnation point heat-transfer coefficient, based on a 

0.0175-ft-radius sphere, was used to normalize the computed aerodynamic 

In this 

25 



DATA REDUCTION (Continued) 

heat-transfer coefficient. 

be 1 ft at corresponding orbiter full-scale conditions). 

(The radius of this hypothetical sphere would 

The tabulated data are based on the assumption of a semi-infinite slab. 

In the case of the SILTS pod with a small radius (0.187 in.) the actual 

heat transfer coefficient values will deviate from those calculated based 

on the semi-infinite s l a b  assumption. A finite element computer program, 

Ref. 4, was used to model the SILTS pod geometry and to compute the heat- 

transfer coefficient at the stagnation point. The heat-transfer coeffi- 

cient determined from the semi-infinite slab assumption, H(TT), is ratioed 

to the computed value H(TRAX) for the stagnation point in Fig. 12. The 

application of this "correction factor" to the data is illustrated in the 

following example. 

semi-infinite slab) was obtained at 5 sec and the level of the heat trans- 

fer coefficient was 0.02. 

= 1.3. 

of an axisymmetric element on the hemispherical nose cap we have 

Consider a case where the tabulated data (based on 

From Fig. 12 this gives a value of H(TT)/H(TRAX) 

Thus t o  adjust (ADJ) the semi-insfinite slab tabulated data to that 

1 = 0.02 - 1.3 

= 0.0154 i.e.S 23% lower than tabulated data. 
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DATA REDUCTION (Concluded) 

It is important to emphasize that the intent of Fig. 12 is only to pro- 

vide an estimate of the approximate magnitude of the 3-D effects and it 

is not intended that all the data be “corrected” for 3-D effects. 

Reference Heat-Transfer Coefficients 

In presenting heat-transfer coefficient results it is convenient to use 

reference coefficients to normalize the data. Equilibrium stagnation 

point values derived from the’work of Fay and Riddell (Ref. 10) were 

used to normalize the data obtained in this test. These reference coef- 

ficients are given by: 

p 0.25 
8.17173(PT2)’/2(MUTT)o*4 [l--1 10.2235 + (1.35 x lo5) (TT+560)] PT2 H(REF) = 

(RN) 112 (TT) 0.15 

and 

H(REF) STFR = 
(RHO)(V) 10.2235 + (1.35 x lO”)(TT + 56011 

where 

PT2 Stagnation pressure downstream of a normal 
shock wave, psia # 

MUTT Air viscosity based on TT, lbf-sec/ft2 

P Free-stream pressure, psia 

TT Tunnel stilling chamber temperature, OR 

RN Reference nose radius, (0.0175 ft or 0.04 ft 
determined by model scale) 
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TABLE I. TEST CONDITIONS 

The test was conducted at a nominal Mach number of 8 in Tunnel B. A 

summary of the specific test conditions is given below. 

MACH NO. PT, psia TT, OR Q, psia P, psia RE x ft-! 

7.83 100 1250 0.5 0.010 0.5 
7.84 120 1245 0.6 0.014 0.6 
7.88 ~ 205 1260 1.0 0.020 1.0 
7.93 4 35 1300 2.0 0.050 2.0 
7.96 6 70 1320 3.1 0.070 3.0 
7.97 850 1350 3.9 0.090 3.7 

A more detailed test summary showing all configurations tested and the 

variables for each is presented in Table 11. 
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@A!# Space Division 
NorthAmericanRodtwejl 

TABLE I11 MaDEL DIMENSIONAL DATA 

MODEL DIMENSIONAL DATA 

MODELCOMPONENT: BODY - Bho 

GENERAL DESCRIPTION : - 50% orbiter forebody, vehicle 140c. 

NOTE: This body include6 a small portion of the wing glove. 

DIMENSIONS : 

Length 

Max Width 

Max Depth 

Fineness Rotio 

Area 

Mox. Crors-Sectional 

PI on form 

Wetted 

Bare 

MODEL SCALE FULL SCALE 

645.15 25.80 

330.00 - 13.20 
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. 
TABLE I 11. (Canti nued) 
MODEL DIUENSIONAL DATA . 

MODEL COMPONENT . BODY - 

miibody-wing-boot fairinq, X, = 940 to X, = 1040: . - - 
MODEL SCALE: 0.0175 (54-0 6 Q - 0  A Y D € , ~ S >  

J 

DRAWING NUMBER . VL7O-OOO14OC. -00020tC. -0OOZOSA 
VL70-000200B, ' -000203 

DlMENSlONS : . FULL SCALE 
Length (IML: FWD Sta %=238), In. 1290.3 
Length (OML: Fwd Sta Xo=235), In. 1293.3 

Fineness R o h  

2 Arm - Ft 
Mai Cross-Scc tionol 

264.0 

250.0 

4.899 ' 

MODEL 5CALE 
22.58 
22.63 

4.62 

4.38- 

4.899 

340.885 

Plon form 

Wetted 
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TABLE 111 (Contlnucd) 

Space Division 
NorthAmmwnRodtwel 

MODEL DIMENSIONAL DATA 

CANOPY 6 C1o UODEL COMPONENT : 

GENERAL DESCRIPTION : Confinuration 4 canopy and windshield am used 

with B+r.  six glass panes in windmhield. 

1, .-.I?: 0.040 - , (83-0 MdDEL) 

DRAWING NUMBER: VL70-000140B0 140C, 202B 

I DlMENSlOHS FULL SCALE 

Length (q =434. 643 to 670), In. 235.357 

MOX Width 

I Fineness Rotio 

Area 

Max. Cross-Sectional . 

I 
Planform - 
Wttttd 

Boss 

Nose/windshield intersection, X, = 439.643 
I 

MODEL SCALE 

9 . 4 1 4  

1.12 

17.386 
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MODEL COMPONENT 

TABLE 111. (Continued) 
MODEL DIMENSIONAL DATA 

CANOPY - C, ,  - 

GENERAL D E S C R ~ T ~ O N  : Configuration 14OC orbiter canopy. 'Vchiclc 

cabin No. 31 updatcd to MCR 200-R4. Useclwith fusrlaee Ba. 

DIMENSIONS : FULL SCALE 

Length (X, = 434.643 to 5781, ,In. 143.357 

Fineness Ratio 

Area 

Max. Cross- Sccti onol 

Planform 

Wetted 

Base 

152.41Z 

In. 51.61 

MODEL SCALE 

2 .508  

2. 667 

0.903 
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TABLE I I I .  (Cont i  nued) 
MODEL DIMENSIONAL DATA 

HODEL COMPONENT: ELEVON - EG, 
GENERAL DESCRIPTION: 

clcvob split line yo = 3 1 2 . 5 ,  6, O", beveled edger, and centerbodiem. 

Elevon for configuration 140C. Hingeline at X, = 1387, 

MODEL SCALE: 0.0175 I (56-0 & 60-0 MODELS) 

DRAW Nt NUMBER: VL7O-OOOl4OC, -006089, -006092 

01 MENS IONS : 
2 - Ft Area 

Span (equivalent) - In. 
Inb'd equivalent chord- In= 

Outb'd equivalent chord 

Ratio movable surface chord/ 
to ta l  surface chord 

FULL-SCALE MODEL SCALE 

0 . 0 6 4  210.0 

3 4 9 . 2  6 . 1 1 1  

118.0 . 2. 065 

55.19 0 .966  

A t  Inb'd equiv. chord 0. 2096 0. 2096 

0 . 4 0 0 4 .  0 .4004 A t  Outb'd equiv. chord 

Sweep Back .Angles, degrees 

Area 

Leading Edge 

Tai l ing Edge 

Hlngel e 
feroduct  of area 

- 0 . 0  0. 0 

- 10.056 - 10.056 

0. 0 0.0' 

6 . 0 0 8  - 
Mean Aerodynamic Chord, In. 90. 'I 1.507 

Hingeline dihedral (origin at 
2 = 261.3509), deg. 5.229 5 .229 * 

0 
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TABLE III(Conthued) 

MODEL DIMENSIONAL DATA 
. .  

MODEL COMPONENT :. BODY FLAP - Pin 

at X,= 1532, 2, = 287. 
L 

- 

DIMENSIONS : FULL SCALE 

87.50 (Xo= 1525.5 to Xo = 1613), In. 
Length 

Max Width (At  Le E., X = 1525. S), In. 256. 00 
0 

Max Depth (Xo= 15321, In. 19.798 

Fineness Ratio 

Ateo - Ft 
2 

MODEL SCALE 

1.531 

4.480 

0.346 

Mox. Cross-Sectional( At L* 1 35 .  196 0.011 

Plonform 135. 00 0. 041 - 

8ore (X, = 1613) 4.89 0.0015 
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T A U  111 (Contlnued) 

MODEL DIMENSIONAL OATA 

MODEL SCALE? 0.0175 - , (34-0 dl 64-0 MObaL) 
- .  

DRAWING NUMBER : VL70- OO8401, - 0084 10 

Dltd EN SI ON 3 : FULL SCALE 

Fineness Raiio 

Area = Ft 2 

2.4a4 

Mc#. Crass-Sectional 58.064 

40 

MODEL SCALE 

1.524 

2.394 

1.307 
~~ 

2.484 

0. 018 



TABLE 111. (Continued) 

MODEL DIMENSIONAL DATA 

HOCEL COHPONI: til : RUDDER - R1, 
GEh’ERAL DESCRIPTION: ?%t rudder i o  a secondary movable airfoil at the 

trai l ine t d e e  of theavertical fin that imparts  yaw forcer.  This  dimensional 
I 

- 

data w a r  ca’lculalcd from the OML master  dirnensionr. 

MODEL SCALE: 0.0175 . ( c o * o ~ o ~ ~ ~ >  

DRAWING M M B E R :  Vehicle S Configuration MCR 200, Rev.  7 

DIHENSIONS: - 
7 

Area - p t -  

Span (equivalent)  - in. 
Inb’d equivalent chord - h. 
Outb’d equivalent chord - In. 

FULL -SCALE HODEL SCALE - 0.  030 

198.614 3 .476  

97.07 I .  699 

50.80 0 .889  

Ratio movable s u r f a c e  chord/ 
total surface chord 

A t  I n b ’ d  equiv. chord 

A t  Ouib’d equiv. chord 

Sweep Back Angles, degrees 

0 .400  0 . 4 0 9  

0.400 0.400 

Leading Edge 34.833 

Tailing Edge 

- 34.833 
Hinge’@~oduct  of Area c )  , 

Area Moment ( R i ~ ~ ~ t - i ~ @ i r r a )  Fta 593.889 

M e a n  Aerodynamic Chord, In. 72.840 

34.833 

7 A .  749 

34 .633  

.0032 

1.275 

41 
. .  



TABLE 111. (Continued) 
H O E  DICQNSlOnAL PATA 

HOD= CONFQMENT: VERTICAL - V g  . 

CWERAL DESCRIPTION: Con€igur,ation 140C orbiter vertical tail  ( ident ica l  . 

to configuration 140A/B vertical tail). 

---- 
H o r n  s u u :  0.017~ A (60-0 HODEL) 

D.UWtNC NLMBER: VL7 0-  000 1 4@C, - 0001 4 6B 

DIUFNSIONS: FULL SCALE MODEL SCALE 

TOTAL WTA 

2 h a  ( n c o )  - Ft 
Pla nf0.m 

Span ( ~ h e o )  - IB. 
Aspcc t .Rat io 
Rate of Taper 
Taper Ratio 
Seep-Back Angles, Degrecr. 

k a d i n g  Eat 
h i l i n g  we 
0 2 5  Element Line 

Cbordo: 
Root (Theo) W 
Tip  (Theo) UP 
MAC 
n ~ .  sts.  .25 MAC 
V.P. o r  .25 MAC 
B.L. oz -25 IUC 

A I r f o i l  Sec Cion 
Icadiw M d ~ e  A w l e  - ptg. 
TraIUry rkdee A x l e  - k6. 
Leading Edge Ebdius 

' 

Void A r r a  

Blanketed Area 

42 

413. 253 0,127 
315- 7 2  a- 

I .  675 1. 675 
0.503 5 07 

0.  404 0 .404  __ 
45. 000 45.000 

-+PIT * m-= 
. 2 6 8 . 5 0  

108.47 
199. 81 

1463. 35 
635. 52  

10.00 IO. 00 
14 92 
2. 00 .*.- 

13. 17 . 0.0040 ---- 
0. 0 .  0.0 



TABLE 111 (Continued) 

MODEL DIMENSIONAL DATA 

MODEL COMPONENT: VERTICAL - V30 

GENERAL DESCRIPTION: 

MODEL SCALE: 0.0175, (56-0 HODgL) 

Slab s ided v e r t i c a l  t a i l  vith e x m M  rpn 

DIMENSIONS : 

TOTAL DATA 

Area (Theo) - Ft2  
Planform 

Span - I n .  
Aspect Rat io  
Rate of Taper 
Taper Rat io  
Sweep-Back Angles Degrees 

Leading Edge 
Tra i 1 i ng Edge 
0.25 Element L ine  

Chords : 
Root (Theo) UP 
T i p  (Theo) UP 
MAC 
Fus. Sta. o f  .25 MAC 
W.P. o f  .25 MAC 
B.L. o f  .25 MAC 

A i r f o i l  Sect ion 
Leading Wedge Angle - Deg. 
T r a i l i n g  Wedge Angle - Deg 
Leading Edge Radius 

Void Area 

Blanketed Area 

FULL SCALE 

442.299 

MODEL SCALE 

0.135 

358.57 6.275 
2.019 2.019 
0.507 0.507 
0.323 0.323 

45.000 45.000 
26.25 26.25 
41.13 41.13 . 

268.50 
86.75 

193.12 
1474.87 
648.71 

0.0 

11.75 
0.0 
0.0 

0.0 

0.0 

4.699 
1.518 
3.380 

25.850 
11.352 
0.0 

11.75 
0.0 
0 . 0  

0.0 

0.0 

4 3  



TABLE 111. (Continued) 
MODEL DIMENSIONAL DATA 

trailinn e- of wins. 

MODEL SCALE: 0.'0175 t (60-b f l # ~ L )  

Geometric twist = 0. 
w 

'TOTAL DATA 
Area fl'heo.1 ' F t 2  

PI i n  form 
Span (Theo,) In. 
Aspect Ratio 
Rate of Taper 
Taper R a t i o  
Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic T w i s t ,  degrees 
Sweep Back Angles, degrees 

Leading Edge 
T r a i l i n g  Edge 
0.25 Element Line 

Root (Theo B.P.O.O. 
? i o ,  (Theo 1 B.P. 
MAC 
Fus, S t a .  o f  .25 MAC 
W.P, o f  -25 PhAf 

Chords: 

B.L. of .a rac 
EXPOSED DATA 

Area j lnea)  'Ft' 
Span. (Thoo) Xn, BPI08 
Aspect Rat io  
Taper R a t 3  o 
chords 

Root B P l O 8  
T i p  1.00 b 

9 HAC 
Fus. f t a .  o f  -25 MAC 
W, P. of .25 KAC 
B.L. of .25 M9C 

Root b - 
f l p  b - 

Y 

Alrfoll Section (Roche11 M o d  M A )  
xxxx-64 

7 

Data for ( I )  of (2) Stdtr 
$Leading Edge Cuff 
Planform Area Ft2 

FULL-SCALE 

269 0 .0  
936 .  68 
2.2u 
J 
A 

, 3 . 5 0 0  - 
DUG. N3. VL70-00014OA, -000200 

MODEL SCALE 

0 . 8 2 4  
1 6 . 3 9 2  - - 
3 . 5 0 0  

45 .  @ O D  - IO. C 5 6  
3 5 . 2 0 2  

689.24 
1 3 7 . 8 5  
474 .81  

1136.83 - - 
1751.50 
720.68  

2.059 
0.245 

562.09 
137.85 

3 9 2 . 8 3  
I 18s. 9 8  - 
251.77 

0 .113  

0. I n  

Ib 
5 0 0 . 0 0  

* 1024.00  .Leading Edge Intersects Fus M. L. @ Sta 
4 4  Leading Edge Intersects Wing @ Sta 

45.000 - IO. 056 
35. 209 

I t .  062 
2.412 
8 . 3 0 9  

19.095 - - 
0.536 

12. 612 
2. 059 
0. 245 - 

6. 875 
20. 755 - 

4.406 

0.113 

- 
8 .  750 

1 7 , 9 2 0  



TABLE I11 (Concluded) 
MODEL DIMENSIONAL DATA 

WDEL COnPONMT : W I N W  1 9 7 _-_  
WEN MSCRIPTIW: Confinuration l4OC orbiter winE, MCR 200-R4. Similar to 

IIOA/B wing W1 16 but with refincmentr: improved wing-boot-midbdy fairing 

(X, = 940 to Xo = 1040). Elevon rplit line reloc8ted from Yo= 281 to Yo = 31 2.5). 

MODEL SCALE: 0.01 75 ' (56-0 /YODEL) 

TEST w. 
DIHENSXON S: 

TOTAL DATA 
Area (Theo.) Ft2 

Q 1 an form 
Span (The0 In. 
Aspect Ratio 
Rate of Taper 
Til er Ratio 

Incidence Angle, degmet 
Aemdynami c Twi st degmes 
Sweep Back Angles ,  degrees 

Leading Edge 
T t a l  1 i ng Edge 
0.25 Element Lfne 

chords: 
Root Thto 6.P.O.O. 
t i p ,  t l  Theo B,P. 
HAC 
Fus. Sta. of .ZS HAC 
U.P, of 0 2 5  MAC 
B.L. o f  .25 UAC 

Di R edral Angle, degrees 

EXPOSED DATA 
Area i7heo) Ft2 
Span,-(Th&) In- BP108 
Aspect Ratio 

' Taper Ratlo 
chords 

Root BP108 
f l p  1.00 b 

P IMC 
Fus. Sta. o f  -25 MAC 
W.P. of 2 5  MAC 
B.L. of .25 MAC 

A I r f o I l  Section (Rockwet1 cbd WA) 
xxxx-64 

*Root  b 9 

'I 
f l p  b-- 

'2: 
b t r  for (1) of (2) Sdes 

Leading Edge Cuff 
Planform Area Ft2 
Leading Edge Interrectr Fur M. L. @ Sta 
Leadin# Edge Interrectr Wing @ Sta 

I 45 

DUG. VL70-OOO14OC, -000200B 

FULL-SCALE 

26 0 0 0  
7 h T  

2.265 
1.177 

3.500 
0 . 5 0 0  
3.000 

45.000 - 10,065 
35.209. 

0 . 0  

689.24 

474.8 1 
m - 

1751.50 
720.68 

2 . 0 5 9  
0,.245 

562.09 
137,85 
392.83 

251.77 

0.113 

0.120 

1 J J .  I t l  

500 .00  
1024.0 

MODEL SCALE 

0.824 
1 6 . 3 9 2  
2 . 2 6 5  
1.177 
0.200 
3 . 5 0 0  
0 . 5 0 0  
3.000 

45.000 - IO. 065 
35.209 

12.062 

8.309 
- * 

0.536 
1 2 . 6 1 2  

2.059 

9 . 8 3 7  
2.412 
6.875 - 
4.406 

0.113 

0.120 - 

TI. u3> 
8. 7 5 0  

17.920 
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TABLE V I I I .  BAD THERMOCOUPLES 

(1)  LISTING OF MODEL (60-0) BAD THERMOCOUPLES: 

Thermocouple No. Loca t i on 

346 
353 

Ver t i cT l  Ta i  1 

I 355 
360 
371 
380 V e r t i c a l  Tai  1 
33D 
62D 

OMS Pod 
-1 

66D 1 
69D OMS Pod 

182 
184 
190 
229 
239 
3 96 
127A 
157A Upper Fuselage 
219 FWD Siye Fuselage 
8 7A 

The f o l l  owing thermocouples were bad 

2 56 
259 
2 73 
275 
279 

LISTING OF MODEL (83-0) BAD THERMOCOUPLES: 

214 Canopy 

316/319 R igh t  Side Fuselage 
325 

2151225 c 

330 
363 

402 
405/415 
407 
409 
41 0 

52 

Remarks 

Bad 
Open 
Open 
Bad 
Short 
Can' t  Find (Lost I D )  
Bad 
Open 
Open 
Bad 

Bad 
Open 
Open 
Open 
Bad 
Can' t  Find (Lost I D )  
Open 
Bad 
Bad 
Can't Find (Lost ID) 

dur ing  runs 

Bad I 
Bad 
Open 

Bad I 
Bad 

1-54: 



TPC, OF 

250 

300 

350 

450 

550 

600 

700 

TABLE I X  - 
MODEL MATERIAL THERMOPHYSICAL PROPERTIES 

Novami de 700-55 

m, B t u / f t 2 - s e c 1 l 2 - ' R  

0.057 

0.058 

0.059 

0.060 

0.060 

0.059 

0.058 
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a .  Nose and Canopy 
Figure 8 ,  .Thermocouple Locations on the 60-0 Model 

-. - 
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a. Nose and Canopy (Concluded) 
Figure, 8.  Thermocouple Locations on the 60-0 Model 

- -  
(con t i nued ) 
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F i  

6 4  
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c. Upper Right Wing Surface 
gure 8. Thermocouple Locations on the 60-0 Model 

(continued) 
\ gure. 8. Thermocouple Locations on the 60-0 Model 

(continued) 
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d e  Aft Fuselase 
Figure 8. Thermocouple Locations on the 60-0 Model 
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MODEL 83-0 

TEST OH109 

Figure 10. Thermocouple Locations on 83-0 Model 
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a. Tunnel assembly 

b. Tunnel tat *ion 

Figure 11. AEDC, VKF-Tunnel B 
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Tabulated Data 

Index 

Dataset I D  

R4ZBO1- 21 
R4ZB23-42 
R4ZB4 3- 5 8 
R4ZC 2 3- 42 
R4Zfi01-21 
R4ZU01-21 
R4ZVO1-21 

Configuration 
Microfiche Tabulated 
Page No. Page No. 

1-192 
Model 83-0 Fuselage 4- 6 193-360 
Model '56-0 Fuselage 6-10 361-606 
Model 83-0 Canopy 10-13 607-774 
Model 60-0 OMS Pod 13-17 775-1062 
Model 60-0 R i g h t  Wing-Upper 17-21 1063-1254 
Model 60-0 Vertical Tail-Left Side 21-24 1255-1446 

Model 60-0 Fuselage 1- 4 
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